Background -Chronic infection with Pseudomonas aeruginosa (Pa) in subjects with Cystic
Introduction Measurements Equipment
Flow was recorded with a pneumotachograph (Mercury F100L, GM Instruments, Kilwinning, Scotland) connected to a differential pressure transducer (DP45, range ±3.5 cmH 2 O, Validyne Engineering, Northridge, California). Airway pressure (Paw) was measured from a side port on the pneumotachograph, with a differential pressure transducer (DP45, range ±225 cmH 2 The amplified signals were recorded and displayed in real time on a computer with data analysis software (Labview, National Instruments, Austin, Texas) with analog-to-digital sampling at 100 Hz (16-bit NI PCI-6036E, National Instruments, Austin, Texas).
Measurement of respiratory pressures
Pi max , Pe max , airway-occlusion pressure at 0.1 s after the start of inspiration (P 0.1 ), breathing frequency, tidal volume (TV), minute ventilation (MV), inspiratory time (Ti) and total time for each breath (Ttot) were recorded. P 0.1 was calculated as the airway pressure generated 0.1s after an occlusion while the subject was breathing quietly. At least five airway occlusions were performed and the average P 0.1 value was calculated. Pi max was measured from residual volume performing a maximal inspiratory effort against an occluded airway. 17 Pe max was measured from total lung capacity performing a maximal expiratory effort against an occluded airway. 17 Five maximal reproducible respiratory efforts were performed and the maximum value achieved was recorded.
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The occlusions were performed with a unidirectional valve connected to the mouthpiece (total deadspace 8 ml). Care was taken to eliminate any leak around the mouthpiece; a small leak allowed for avoidance of artificial glottic closure. 10 Only Pi max and Pe max manoeuvres with plateau pressure for at least 1 s were accepted for subsequent analysis. 10 Pi max and Pe max were also presented as percentage of the predicted values.
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Calculation of Pressure-Time Index of Respiratory muscles
Respiratory muscle function was evaluated by the pressure-time index of the respiratory muscles (PTI mus 
Definition of chronic Pa infection
The Leeds criteria were used to classify Pa infection state. 26 The infection was classified as chronic when more than 50% of months when samples were taken were Pa culture positive, intermittent when 50% or less of months when samples were taken were Pa culture positive, free of infection when no growth of Pa occurred over the previous twelve months having previously been Pa culture positive and never infected when Pa was never cultured from sputum or cough swab. At least 6 airway cultures were acquired in separate months over the year before the assessment. 26 Sputa were collected in sterile disposable containers, stored at ambient temperature and processed within 4h from collection. Sputa were inoculated and incubated for the isolation of Pa and other pathogens. Pa positive cultures included both mucoid and non-mucoid phenotypes. The media were incubated aerobically at 37uC for 48 hours.
All subjects chronically infected with Pa were regularly treated with inhaled antibiotics.
Protocol
Patients were all reviewed in the same setting using the same medical instruments. They were all in a stable clinical condition and had received their medication, as usual. They were evaluated in the morning hours by the following order: nutritional assessment, pulmonary function testing, respiratory muscle assessment. All participants were evaluated in a sitting position while a nose clip was utilized for both pulmonary function and respiratory muscle studies.
Statistics
Data were checked for normality using the Kolmogorov-Smirnoff and Shapiro-Wilk tests.
Differences between groups were assessed for significance using the Kruskal-Wallis rank sum test and Pearson's Chi-squared test, as appropriate. In case significant differences were detected, the Mann-Whitney rank sum test was used for subsequent pairwise comparisons between the groups according to Pa infection state. Multivariate logistic regression was performed to determine which variables contribute to alterations of PTI mus . P values<0.05 were accepted as significant.
Statistical analysis was performed using statistics software (SPSS 17.0, SPSS, Chicago, Illinois).
Discussion
Our study demonstrated that PTI mus was significantly increased and Pi max was significantly decreased in CF subjects with chronic Pa infection compared to CF subjects who were free, never-infected or intermittently-infected with Pa. Furthermore, CF subjects who were chronicallyinfected with Pa were found to have compromised somatic muscular indices such as MAMC and UAMA.
Our results suggest that chronic Pa infection impacts on respiratory muscle function in the context of normal lung-function parameters, probably identifying chronic infection with Pa as an independent determinant of respiratory muscle compromise in CF. Our findings emphasize the multifactorial origin of respiratory muscle impairment in the pathophysiology of respiratory failure in
CF.
Chronic pulmonary infection with Pa affects the majority of CF subjects by adulthood 27 while chronic infection with Pa causes increased mortality and morbidity in CF subjects 2 and declining pulmonary status in children with CF. 3 Pa plays a central role in the vicious cycle of pulmonary infection, pulmonary inflammation, lung tissue damage and consequent respiratory failure. Respiratory muscle function is compromised in CF, according to some studies which have reported decreased maximal respiratory pressures in hyperinflated, malnourished CF patients with airway obstruction. [13] [14] [15] 35 PTI mus attained abnormal values in CF subjects indicating respiratory muscle impairment related to nutritional compromise, decreased somatic muscular mass, hyperinflation and airway obstruction. [13] [14] [15] In our study, PTI mus was selected to describe respiratory muscle function because it is measured non-invasively, it is a global respiratory-muscles index while it incorporates properties of time, respiratory load and neuromuscular competence. 20 As a limitation of PTI mus in CF we should mention that measurement of P 0.1 might be affected by the increased time-constant of the CF lung and the ensuing delayed transmission of the pressure changes from the alveoli to the mouth, as exhibited in COPD subjects. 36 Sniff nasal inspiratory pressure has been alternatively proposed as a noninvasive test of respiratory muscle function in CF but it has been shown to underestimate esophageal pressure, probably because of nasal obstruction and dampening of the pressure changes secondary to the increased time-constant of the CF lung.
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BMI z-score, MAMC and UAMA were significantly decreased in CF subjects with chronic Pa infection in our study. Muscular indices and lean body mass have been shown to correlate well with respiratory muscle indices. 15 It has been suggested that decreased muscular synthesis and impaired muscle regeneration occur in the presence of abundant pro-inflammatory cytokines in the chronically-infected lung which spill-over to cause chronic systemic inflammation. 38 Recent work has addressed gender differences in the course of Pa infection in patients with CF, highlighting that estrogens induce mucoid conversion of Pa in women with CF and are associated with increased exacerbations. 6 On the other hand, it has been highlighted that male CF patients with impaired skeletal muscle strength have normal testosterone levels. 39 Mucoid conversion of Pa in CF has been associated with resistance to antibiotics and increased morbidity and mortality. 40 In the present study, which was clearly not designed to address these questions, gender and mucoid state of Pa were not significant determinants of respiratory muscle function in CF subjects. The lack of statistical difference in Pi max between subjects infected with the mucoid and the non-mucoid
Conclusions
In conclusion, this study demonstrated that CF subjects with chronic Pa infection exhibit impaired respiratory muscle function. Maximal inspiratory pressure was found to be significantly decreased and PTI mus was found to be significantly increased in CF subjects with chronic Pa infection compared to CF subjects who were not chronically-infected with Pa. Somatic muscular indices such as MAMC and UAMA were found to be significantly decreased in CF subjects with chronic
Pa infection compared to CF subjects who were never infected, free of infection or suffered intermittent infection with Pa. Chronic infection with Pa might be an independent determinant of respiratory muscle compromise in CF. Epub ahead of print papers have been peer-reviewed and accepted for publication but are posted before being copy edited and proofread, and as a result, may differ substantially when published in final version in the online and print editions of RESPIRATORY CARE. 
